Messrs. Rojas and Aramvareekul (2003) should be commended for a careful reexamination of the widely publicized decline in U.S. construction labor productivity. Declining productivity reflects negatively on the image of the industry and has significant economic effects. Over time, declining productivity will result in some combination of declining real wages, increasing real construction costs, declining profits, or lower quality. Declining productivity implies that management and workers are performing worse and worse over time.
In common with many others, Rojas and Aramvareekul measure productivity as output (in constant dollars) per hour of work. In contrast, Allmon et al. (2000) measured productivity in terms of unit labor costs, output, and direct work rates at the individual work task level. They generally found increasing construction productivity in the past few decades, as measured by cost per unit of work and physical output per hour of work. Rojas and Aramvareekul attempt to resolve this contradiction.
In essence, the authors argue that the aggregate, national data available for estimating productivity changes are so poor that the trend of change cannot be reliably discerned. Goodrum et al. (2002) reach a similar conclusion. Indeed, the Bureau of Labor Statistics does not report productivity trends in the construction industry, due to unreliable data. Rojas and Aramvareekul also argue that changes in the mix of construction activities may be responsible for any productivity decline. Rather than leave this important question unanswered, it may be useful to examine some additional information.
As noted by the authors, the best source of output data for the construction industry comes from the Census of Construction Industries, which is used to produce the benchmark U.S. inputoutput tables every 5 years. Using the four benchmarks in the period 1982-1997 yields the productivity measurements shown here in Table 1 . In essence, the benchmark output data suggests some improvement from 1982 to 1987 and essentially constant productivity thereafter. These results are generally consistent with those developed by the authors based on estimates of Construction Value Put in Place; the productivity decline in their series comes prior to 1982.
Changes in employee earnings will affect this productivity measure. In particular, reduction in input prices such as wages may lead to less output in dollar amounts, thereby reducing the productivity measure. (In contrast, output prices increasing at more than the rate of inflation would suggest increasing productivity.) Real average wages have been declining in the construction industry, as indicated in Table 1 . Much of the productivity improvement measured in cost per unit of work and found by Allmon et al. (2000) came from declining wages. These average wage rate declines could arise from a variety of reasons, including substitution of lower skilled labor, change in the mix of construction, reduction in union power, or others. Since labor wages are an appreciable portion of construction costs, Rojas and Aramvarekkul's productivity measure would ordinarily be expected to decline with lower wage rates. If a decline is not observed (as in Table 1 ), we would expect productivity improvements to be compensating for the effect of wage declines. Interestingly, a wage decline also occurred in the manufacturing industry from 1987 to 1992.
Another indication of productivity trends in the construction industry is provided by movements of cost and price indexes over time. Table 2 shows the trend of several such indexes over the period 1970 -1998 (Hendrickson 2003 . Most construction indexes are based upon the cost of a bundle of material and resource inputs into construction, such as the ENR building index. A few indexes are based upon the price of completed construction, such as the FHWA and One-Family House price indexes. Surprisingly, there is little difference in the changes over time for the input cost, output price, and general price indexes. In an industry with below-average productivity improvement, we would ordinarily expect the price to be increasing (as is occurring in the arena of higher education) relative to input costs and general price inflation. The price indexes are not consistent with a persistent decline in construction productivity. Perhaps the most difficult aspect of productivity effects to measure is the value of quality changes. If the same amount of work results in a higher-quality product, then the work has become more productive. Most constructed facilities incorporate new items such as Internet access, higher truck-weight limits, or traffic control systems. Improved designs and materials have become available to the construction industry, again suggesting at least modest productivity gains for the industry.
Overall, I would argue that the construction industry has achieved moderately improving productivity over the past two decades. The challenge for the industry is to continue, broaden, and accelerate such gains, especially in an increasingly competitive global construction marketplace. The writer would like to thank the discusser for the supportive remarks regarding the quality of the paper. The writer agrees with the discusser that the notion of persistent labor productivity decreases reflects negatively on the image of the construction industry. In fact, the recurring use of such a statement as fact by several individuals in the industry, academy, and the government was one of the main motivators for the writer to further investigate the issue. The writer suspects that the findings of the paper will discourage individuals from using labor productivity data at the macrolevel to argue that the construction industry is performing worse and worse over time. The reality is that we do not accurately know how the construction industry has performed over time regarding labor productivity. The discusser examines some other statistics, such as the declining trend in real wages in the construction industry, and the idea that price indexes are not consistent with a persistent decline in construction productivity. He also points out that there are such intangible benefits associated with modern capital facilities as quality improvements, which are difficult to incorporate in standard productivity measurements. The discusser concludes by arguing that the construction industry has achieved moderately improving productivity over the past two decades and that the challenge now is to broaden and accelerate those gains.
Closure to "Is Construction Labor
The writer would argue that discerning productivity trends based on indirect statistics such as real wages or price indexes is extremely difficult. For example, the discusser mentions that lower wages over time may lead to less output in dollar amounts, thereby reducing the productivity measure, and that since productivity measures are not declining as observed in the discusser's Table 1 , then one would expect productivity improvements to be compensating for the effect of wage declines. However, the discusser is assuming that the productivity values shown in Table 1 are accurate. The main point of the writer's paper is that they are not. The discusser also mentions the similarity in a variety of price indexes as evidence that construction labor productivity is not declining. However, a variety of scenarios can generate such price index similarity. In general, the discusser is making good points, but more research is required to determine their validity, as alternative scenarios may also explain the observed data without requiring improvements in labor productivity.
In conclusion, it is imperative to generate accurate labor productivity data for the construction industry in order to create the feedback loop required to analyze the effects of different industry-wide initiatives such as the implementation of fully integrated and automated processes. Improvements are usually achieved through experimentation, but how can an industry experiment with new approaches when there are no reliable metrics to evaluate outcomes? The writer agrees with the discusser that it is important for the construction industry to achieve continuous improvements in labor productivity and to broaden and accelerate such gains in an increasingly global marketplace. However, the writer would also add that the industry needs to be able to know, with a reasonable level of accuracy, the magnitude of such productivity improvements when and if they are achieved.
